Introducing Social Machines as web-enabled entities integrating social energies and computational powers into a sociotechnical system (whether purposeful or not) where social dynamics animate communities, this paper proposes a theoretical framework in which to observe them. Attempting to strike a balance between the roles of humans and nonhumans, and aware of the difficulties that this heterogeneity presents, we propose to approach the questions of capturing the social dynamics of a social machine through prosopography. Prosopography is a method, used in particular by historians, that allows to systematically study a collection of biographies, be they of persons, artefacts, infrastructures of groups thereof. Systematization is achieved through designing an appropriate questionnaire to gather homogeneous data across the biographies. Our questionnaire design relies on the identification of five archetypal elements in biographical narratives. Illustrating our method with three examples, we demonstrate how our archetypal narratives have the potential to describe at least aspects of the social dynamics in social machines.
INTRODUCTION
The concept of social machine first emerged in 1999, when Prof. Sir T. Berners-Lee wrote: "Real life is and must be full of all kinds of social constraint-the very processes from which 'society' arises. Computers can help if we use them to create abstract social machines on the Web: processes in which people do the creative work and the machine does the administration. [...] The stage is set for an evolutionary growth of new social engines. The ability to create new forms of social processes would be given to the world at large, and development would be rapid [...] ." [2, pp172-5] . Taking this quote as a starting point, the SOCIAM project 1 endeavours to observe, understand, and engineer such social machines. The social machines under study are all mediated through the web, whether they live on the web or are supported by web-enabled mobile devices. And, although it could be argued that any tool that enables or generates some kind of social interaction or organisation (e.g., a plough) would sensu stricto qualify as a social machine, our gaze is here firmly set on web-enabled socio-technical systems. Their observation, which is the focus of this paper, as well as their engineering are therefore pertinent to web sciences.
SOCIAL MACHINES: SCOPE
Let us first consider how the thinking about social machines has evolved with regard to devising a definition. A first attempt was to define social machines through characterising them [14] . The resulting classification, although valuable as a tool, is very much biased towards the design and engineering of the mechanisms that can be found in social machines and pays only little attention to the social dynamics that inhabit and move them. Concomitantly, some efforts have been made to encompass the dynamic dimension of social machines by understanding them as living entities that define ecosystems, have life cycles, and typically exhibit some kind of emergent properties [4] . As ecosystems, they can be nested, as well as overlapping and interacting (whether collaborating or competing). Further, all the elements in a social machine -people, data, algorithms, digital objects, and infrastructure-are participants in the social 1 Full project title: Theory and Practice of Social Machines; website: sociam.org machine, rather than users (which would imply consumption rather than action) or processors (which would imply the sole providing of a predefined service). The major conceptual shift operated through social machines is thus that they democratically allow all involved, animate or inanimate 2 , to have a participatory role. This does not exclude participants from having the possibility to choose to solely consume, or to solely provide a service, simply it allows them all to actively partake.
It is therefore helpful at this stage to reflect upon how we have been communicating about social machines, and how our use of traditional terminologies might be implicitly biasing us towards the machines in social machines, thereby unwittingly diverting our attention away from the social dimension of social machines. Indeed, in our discourse about specific social machines, we often resort to calling them, as a shortcut, by a name designating the results they produce or the main platform that supports them. Examples include Wikipedia, Zooniverse, and Twitter; and although these are shortcuts to designate social machines that are all rather different in nature, designating them so unintentionally occults the social dynamics that feed them and keeps us focused on the main platforms that support them, to the exclusion of all the other platforms that might be used routinely but not quite as visibly (see section 5.1 for such an example). This observation might seem a petty terminological issue, but terminology reinforces our natural cognitive biases, and, in this very case, it keeps us asking traditional engineering questions such as: "who are the users?" "why do people participate?" "what are the boundaries of a social machine?" Those questions are perfectly valid ones to ask of centralised service-providing systems or even if the intent of the system is to "harness the power of the crowd", but if we rather consider that social machines are entities integrating social energies and computational powers into a socio-technical system (whether purposeful or not) where social dynamics animate communities, and if we adopt names that identify these social communities to designate the social machines, then those questions often become inapt. Indeed, communities are not defined by their boundaries or by the natural boundaries of the tools they use -in fact a mix and match of a number of tools is usually likely, technology being appropriated by individuals as well as by communities-nor do communities have users; and questions related to people's partaking, although remaining valid, take on a much more interactive and social colouring.
It is on the basis of this view that social machines are entities that are socio-centric at least as much as they are techno-centric that our methodology of observation of social machines was developed. In an attempt to capture the dynamic aspects of social machines characterised by the circulation and creation of ideas, knowledge, and values typical of sociality, it was previously proposed to consider the narratives that unfold within and about social machines [15] . Building upon this work, we contend that by specifying the type of narratives to gather in order to study and understand the social dynamics of social machines, it will be possible to systematize data collection to obtain homogeneous data across the heterogeneous entities of a social machine. The specific narratives that are required are bi-ographies; by proposing to harvest the biographies of the various types of entities within a social machine -biography of a unitary entity such as a person, a piece of data, an algorithm, a digital object, a piece of infrastructure, or biography of a composite entity such as a group of people, data, algorithms, digital objects, infrastructure, be they homogeneous groups or heterogeneous groups-we are actually setting the grounds for a prosopographical approach to the observation of sociality in social machines.
BIOGRAPHIES & PROSOPOGRAPHY
Biography is a familiar, perhaps instinctive, narrative form. It results from our pattern-making impulse which makes stories of series of occurrences between people and things, sets them in a wider context, and describes "the ways meanings and values are accumulated and transformed" [8, p172] .
Despite its etymology 3 a biography is not restricted to studies of human lives, but has come to mean a "themed narrative history of a specific subject in any of various written, recorded, or visual media" 4 . A biographical approach has been usefully applied to artefacts as diverse as a Fijian whales' teeth necklace [8, p171 ] and e-Infrastructure [12] . As a biography of a person might include a description of the family and the culture into which she was born, the biography of a thing incorporates its technological predecessors and its design alongside its "life-history" (Tringham's concept [16] -cited in [8, p169] ) and fall from use. Following the recommendations of Pollock & Williams' Biographies of Artefacts framework [12] , we therefore adopt the notion that the design of a piece of software, a buttons in a software, an app, infrastructure, or an abstracted computational entity are an intrinsic part of their biographies. Biographies cannot encompass an entire life history. They are of necessity partial -temporally, spatially, and in point of view.
From its earliest extant formalization in the works of Cornelius Nepos 5 and Plutarch 6 , the biographical form has been used comparatively, setting narratives of great people next to one another to instruct readers in, for example, cultural relativity and ethics. As the number of biographies and the complexity of entities they describe grows, as in our work on social machines, more structure than simple proximity is needed to make sense of the whole. Accordingly we have adopted a prosopographical method, using its framework to illuminate the process of meaning emerging from social actions [8, p170] through collecting and collating homogeneous data on the heterogeneous biographies of social machine entities.
A prosopography can be a collection of life studies, or a collective biography 7 . Most pertinently to our work, it "in- tegrates more or less large numbers of descriptive individual biographical studies into quantitative and statistic research" [17] . Starting "from concrete data" a prosopography "aims at understanding general phenomena" [17] : it is not an aim or end in itself, but a method for collating data at scale. The prosopographical method requires the formulation of a questionnaire to systematize the collection of data. The questionnaire will have a specific research objective or objectives. Answering it for each biography creates a single model from our heterogeneous data, conjuring a comprehensible uniformity out of the data.
When applied to a collection of biographies of people the prosopographical method might, for example, establish place of birth, education undertaken, and place, age and cause of death. Our questionnaire takes the design principle of archetypal narratives, borrowing from Jungian archetypal premises [10] and from Propp's morphology of Russian folktales [13] .
Our aim in using this method is to find a way to describe and so to recognize and ultimately create social machines. While interesting as a study, if it is not useful it has failed. By nature, then, the development of our prosopographical method is iterative, and our selection and description of these archetypal narratives tested against the results they provide.
We use archetypal narratives to characterize and to decompose the biographical narratives of and in social machines. Through their lens, we can view non-mutually exclusive combinations and concatenations of the archetypal narratives that form a biography, and account for the dynamic interactions between archetypes within their mutable forms. Archetypes are not building blocks in primary colours, but rather denote proclivities or persuasions at a particular point in time or space, or through one narrative point of view.
ARCHETYPAL NARRATIVES
The concept of archetypal narratives has been explored in varied ways. One way was Propp's, who, with a structuralist approach, looked for the typical characters and plot lines in Russian folktales [13] . His work allows to identify building block in folktales. Eco, later adopted a similar approach to analyze Fleming's Bond books [5] . The aim these works achieve is to find typical structures in the narratives they study. Following a different line of investigation, that of the human psyche, Carl Jung also developed a theory of archetypes. His archetypes however derive from the notion of collective unconsciousness [10] and aim to understand human thought and behaviour. Jung's archetypes never apply directly to characterize people, instead they combine, shift, morph, and interact, giving some perspective onto why a given person thinks and behaves how they do. The aim is not classificatory, but a tool for observation and diagnosis. The fact that these archetypes emanate from the collective unconscious and have the ability to mutate, combine, compete and meld together bestows all its power onto Jung's method, relating the person to their environment and to the dynamics within and around them.
Our search for archetypal elements of biographical narratives in the context of a prosopographical observation of social machines is inspired by Propp & Eco and Jung's work. We are looking to identify elements of narrative that are typical of biographies, but also that have the ability to mutate, combine, compete and meld together, thereby capturing dynamic elements, and revealing connections beyond the unitary level. This presents the advantage of allowing us to explore community dynamics, going beyond individual incentives, which are often the focus of socially-motivated observation in Web Sciences (e.g. [1, 6] )
So that in each of our archetypal narratives, the main character of the biography is the entity whose life story in the social machine is being told. (i.e., person, piece of infrastructure, data, algorithm, digital object, as well as any-size groups thereof or systems encompassing a range of these units); we shall call this entity the protagonist from now on. With a small focus group composed of a physicist, a historian, a digital humanist, an engineer, and a social scientist all involved with social machines in some capacity, we first drew up a list of the kinds of elements of biographical narratives we could identified as repeatedly occurring in social machines; we then whittled that list down to five archetypal elements of narratives in the biographies of social machines. These were then put to the test by asking SOCIAM project members to each think of the biography of an entity in a social machine, and to assess whether our archetypes helped to qualify those biographies. This is of course an iterative process, so we will continually be assessing our archetypes against specific cases. For now, the list of five archetypal elements of narratives in the biographies of social machines seems to have stabilised as follows:
{LAND} A canvas, or settings, or landscape [11] -that forms the baseline on which the biographies develop. This is the humus or the substrate on which all other archetypes can express themselves. Examples of what can constitute part of such a landscape include:
• Routine, such as a repetitive task • The mundane, such as gossip and banter • The constraints & restrictions that apply in all forms, and particularly those arising from technology • The traditions & conventions that apply in all forms, and particularly those arising from social interactions {OUT txf} A change or transformation of the protagonist's environment. The environment is made of all the entities external to the protagonist. So for an inanimate protagonist, all animate participants in the social machine that might (or not) be interacting with it are part of the environment. Examples of changes of the environment include:
• Evolution or repurposing, such as: a forum being changed into a chat room (for a person as a protagonist); or a forum member becoming a moderator (for a digital object as a protagonist) • Power shifts, such as those provoked by the commercialization of a platform (for a person as a protagonist), or those provoked by changes in a legal system (e.g., for a digital object as a protagonist, the change of law affecting people's rights to access it) {IN txf} A change or transformation of the protagonist's internal state. Examples of changes of the internal state include:
• Metamorphosis and change, such as a shift in belief system for a person as a protagonist, or the renaming of a discussion functionality from forum to chat room for the discussion space functionality as a protagonist
• Discovery and learning, such as those experienced by many people participating in citizen science projects {I-O-INTERACT txf} A change or transformation of the interaction between the protagonist's internal state and its environment; these are often paired with {OUT txf} or with {IN txf}. Examples of changes of the interaction between internal state and environment include:
• Adaptation, such as those where the protagonist operates a shift in their mode of interaction with their environment due to environmental changes (so here {I-O-INTERACT txf} is paired with {OUT txf})
• Diversion (including subversion), where implicit affordances are made explicit, and thus change the nature of the interaction, such as a system used for a purpose not initially intended, from the perspective of any protagonist interacting with the system in line with its original explicit intent {EVENT} An event that involves the protagonist. Examples of events include:
• Encounters
• Beginnings & endings
These archetypes might seem to overlap or to not be conceivable as stand-alone archetypal narratives -this is actually a very good sign, as it is in the ways they combine that the descriptive powers of this approach lies. These archetypal narratives are also mutable by nature, of course, and therefore we have further identified the following qualities, or textural characteristics, that every one of the five archetypal narratives can display, and that can change over time (i.e., they can have a proleptic/prospective value -as evaluated in the moment-and a number of retrospective values -as evaluated after the fact).
<coin> A degree of coincidence; the degree to which things happen at the same time seemingly by chance; in the range: ordinary ←→ random <plan> A degree of planned-ness; the degree to which things have been pre-scripted; in the range: unplanned ←→ planned <gen> A degree of generative-ness; this relates to kairotic time, i.e., to the weight, significance, importance given to something through the way it is perceived in time and the causal relation it holds with subsequent happenings, the potential it holds for further development; in the range: static ←→ dynamic <span> A timespan; in the range punctual ←→ durative
Coincidence and planned-ness have been separated to allow for design-enabled coincidences, which will have a high level of coincidence (<coin ) and of planned-ness (<plan ); serendipity however will occur with a high degree of coincidence (<coin ) and a low degree of planned-ness ( plan>); intention will be characterised by a high degree of plannedness (<plan ). For example, an {EVENT} will naturally tend to be more dynamic than static (<gen ) and more punctual than durative ( span>), and a {LAND} will naturally tend to be more static than dynamic ( gen>) and more durative than punctual (<span ).
CASE STUDIES
To illustrate how these archetypes map onto biographies of participants in social machines, and because the biographies of inanimate participants might not be quite as selfexplanatory as those of people, the examples below outline such biographies with their corresponding archetypes and how they combine. To facilitate the structuring of these biographies, we shall outline them as a list of "Moments in a lifetime" [7] (rather than as purely discursive narratives); the archetypes however might express themselves at such a Moment, but also across several Moments or as ways to transition from one Moment to another.
Biography of a collection of images
In this example, the protagonist is a collection of images of galaxies now know as pea galaxies, or for short "the green peas", through the social machine of the classifiers in Galaxy Zoo. The Moments are chronological but only a sample of the actual lifetime -by nature; they are followed by a list of the archetypes they express, and a graphical representation of these expressions can be found in Fig. 5 .1.
Moment (0). In the context of the Galaxy Zoo project
8 (a citizen science project currently in its fourth version, originally launched in its first version in 2007), a large number of images from the Sloan Digital Sky Survey (SDSS 9 ) were put online in order for participants in the Galaxy Zoo project to classify the galaxies in the images. At this stage, our protagonist, the collection of images of green peas, does not yet exist as such. The images of this collection have not been noticed as part of a collection yet, but we can already describe the kind of environment that the collection will live in. It is the social machine that is made of the following elements: the whole Galaxy Zoo platform with its elements of interface that allow Galaxy Zoo classifiers, aka Zooites, to access and classify the images as well as the forum where Zooites have the opportunity to discuss and exchange amongst themselves and with the moderators and scientists; the Zooites along with the moderators -the Zookeepers-and the scientists; the SDSS website, where all the images come from and to which the Zooites regularly refer in conversations; all the images and collections of images; and the on-going repetitive tasks of classification, punctuated by remarks and exchange on images, which can range from short aesthetic interjections to long exchanges that are rich in scientific content. {LAND} Before that date, a number of posts in the "weird and wonderful" section of the forum regularly flagged green-looking galaxies -the posters of these are invited by Zookeeper Alice to contribute their green finds to the "Give peas a chance!" thread. The collection is born and named. Zooites actively contribute images of green peas to the collection, which from then on grows very fast. Around it, Zooites exchange puns and jokes, as well as more serious observations about the galaxies in the images they're collecting. The Zooites collecting green peas name themselves "the Peas Corps" (hereafter the PC-Zooites).
{LAND},{I-O-INTERACT txf},{IN txf},{EVENT},{OUT txf}
Moment (3). Amidst many more jokes and pea-based puns, PC-Zooites actively discuss the criteria for inclusion in the collection, scientists and Zookeepers chip in. PC-Zooites develop programs that search for green peas through the SDSS, in order to compile lists of images of green peas, and 12 was started with the collection of green peas at its centre, moderated by Yale student astronomer Carie who explicitly aims to collect "these interesting galaxies", and to publish the findings around this new type of galaxy. Specific criteria of recruitment for the inclusion of images of green-looking objects in the collection are formulated. (PC-)Zooites keep contributing images to the collection, some are included in the collection, some are not when they don't meet the criteria. thread is archived-all this time, Zooites have been contributing images of green peas. The natural home of the collection is now the SDSS database, where the images originally came from, and where "pea galaxies" can be retrieved thanks to the criteria that define them. {LAND},{I-O-INTERACT txf},{IN txf},{EVENT},{OUT txf} Moment (9). The pea galaxy, and therefore the Galaxy Zoo green peas collection, has obviously been giving ideas to scientists, who have now discovered "green beans"
14 . {LAND},{OUT txf} Moment (10). On 2nd March 2014, a sample from the collection of green peas features as "Amazing Galaxy of the Week" on the Daily Zooniverse 15 . {LAND},{OUT txf} Moment (11). In March 2015, the authors of the current paper write a biography of the collection of green peas, visiting the forum archives, visioning some of the images, in pursuit of the understanding of how this narrative within and about the Zooites' social machine is a telling clue to its social dynamics. {LAND},{OUT txf}
Biography of a URI
The protagonists in this example are Linked Data URIs. Linked Data URIs are used by Semantic Web technologies to identify concepts, and adhere to the following Linked Data principles 16 :
1. Use URIs as names for things 2. Use HTTP URIs so that people can look up those names.
3. When someone looks up a URI, provide useful information, using the standards (RDF*, SPARQL)
4. Include links to other URIs, so that they can discover more things.
Principles 1-3 are the important ones here, and so we consider what look like normal HTTP URLs that identify concepts by being names for them and return a document that has "useful" information in the context of the Semantic Web. We describe the changes an URI can go through as a set of Moments. During each of the Moments, the URI interacts with one or more agents which are often part of a Social Machine such as a group of people and software tools deciding to agree that the URI identifies the same concept as another URI. One such example would be the context of the Pelagios project [9] , where scholars contribute place names and geographical locations, along with the Ancient evidence for those, in order to map them in the Ancient World. The Moments below are general descriptions of Moments, some of which are followed by more specific examples. They are further followed by the list of archetypes they express; as they are all assumed to occur within a context such as the Pelagios project, they will all be assumed to express the {LAND} archetype, specific to their context. They are not in a strict order, and can occur multiple times, but there are some temporal dependencies -for example Moment 0 usually has to happen before other Moments. Fig. 5.2 In this representation, the textural characteristics are not specified, because the Moments outlined here are generic and every lived Moment will express its archetypes with its own specific textural characteristics. 
Moment (7)
.
Biography of the retweet action
In this example, the principle of in-Twitter citation of tweets is the protagonist, as we consider retweets (RT). Interestingly, this story also illustrates an example of the humans programming the social machine, through the use of RT (retweet), MT (modified tweet), and HT (hat tip). Further, this story gives a social account, through the retweet action, of the evolution of a piece of infrastructure (the Twitter platform) used in a large number of social machines. Moment (0). A Twitter "echo" is imagined. At 11:28 on 7
March 2007, Narendra Rocherolle (@narendra), wanting to encourage attendance at an SXSW event 17 , wrote "please twitter 'echo' this msg even if you can't attend"
18 . This appears to have been the invention of the concept of re-(micro)blogging on Twitter 26 . Stone notes that the "RT @<username>" form is "a bit cumbersome", and outlines the method in development to allow retweeted tweets to appear directly in the timelines of retweeters and their followers. This saves precious characters of the 140 allowed by Twitter. It also creates an easy metric for inferring way similar to Jung's archetypes, which do not characterise people but rather the dynamics that govern, motivate, and animate them). The archetypal narratives therefore offer a much more flexible framework for analysis than any taxonomical framework. It would be tempting, based on these archetypal biographical narratives to derive a list of archetypal social machines. Caution should apply however, as it is in the plurality of the archetypal narratives and in the mutual influences they exert upon each other when they co-exist that the richness of this descriptive approach resides. The examples we provided demonstrate the kind of information that can be harvested within this framework.
Future work will have to tailor the harvesting techniques to the entities whose biographies are being gathered. So that, in practice, the next big question is: how to identify and then collect the data that will serve as evidence of the expression of one or another of the archetypal narratives in a given social machine? This is actually a nontrivial sampling problem, a sampling of big & wide data across heterogeneous entities, and it will require thoughtful and adaptive instrumentation. Finally, beyond observation, this framework, once the difficult instrumentation questions have been tackled, has the potential to also supply valuable information for the design of social machines.
NOTE

